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INTRODUCTION

Since 1947 the Geological Survey, under the sponsorship of the Atomic
Energy Commission, has undertaken investigations of radiocactive materials
in the United States and Alaska, and to a minor extent in foreign countries.

This report is a statement of progress during a six-months period and
gives the principal unclassified information developed in that period.
Many of the investigations discussed herein are sufficiently advanced so
that final reports are in preparation for future publication with the
permission of the AEC. Other studies are still far from complete and final
reports cannot be expected for some years.

Formal publications (as distinguished from administrative Trace Elements
reports) during this semiannual period, resulting from work done previously,
~onsisted of 21 papers in two USGS bulletins, 20 USGS circulars, one USGS
quadrangle map, and 42 papers, including abstracts, in technical journals.
Also, eight Trace Elements reports were made available to the public through
the Technical Information Service of the AEC. A total of 26 papers were
presented by staff members before scientific socleties,

The principal investigations conducted by the USGS continued to be in
the Colorado Plateau region of Colorado, Utah, Arizona, and New Mexico,
ths chief area of uranium production in the United States. The large-scale
drilling program on the Plateau was continued, but no exploration was
undertaken elsewhere in the country during the period.

The highlights of the main field and laboratory projects underway
are contained in the brief summary on pages 16 through 21,
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SUMMARY

Uranium in sandstone-type deposits

Field work is completed for seven projects of the geologic mapping
program in the Colorado Plateau. These are southwestern Coloradog Capitol
Reef, Utah; Carrizo Mountains, Arizona and New Mexicoj; Monument Valley,
Arizonag Monument Valley, Utah; Comb Ridge, Uteh; and Red House Cliffs,
Utah, Work started previously is being continued on three projects: San
Rafael Swell, Utah; White Canyon, Utah; and Elk Ridge, Utah. Five mapping
areags on which work has not yet started are: Inter-River, Utah; Lisbon
Valley, Utah and Colorado; Abajo Mountains, Utsh; Sage Plain, Utah and
Colorado; and Circle Cliffs, Utah.

Geologic studies in the White Canyon area indicate that all significant
uranium deposits occur in channels that have been cut into the Moenkopi for=
mation and filled with sediments of the Shinarump conglomerate. - Drill-hole
data suggest that channels containing known ore deposits are filled with
sediments that consist of 10 to 30 percent siltstone and claystone, whereas
channels barren of ore deposits generally contain less than 10 percent silt-
stone and claystone.

In the Capitol Reef area radiocactive rock was found in the Moenkopi
formation, the Shinarump conglomerate, the Chinle formation, the Curtis
formation, and the Salt Wash member of the Morrison formation., No uranium
deposits in the area appear toc be significant economically under present
conditions,

On Elk Ridge uranium ore is present in at least three formations:
the Moenkopi formation, the Shinarump conglomerate, and the Chinle forma-
tion, Most of the deposits are in discontinuous elongate sandstone lenses
of Shinarump conglomerate., The uranium at Notch No. 5 claim is contained
in petroleum, which impregnates Moenkopi sandstone, Removal of the petroleum
from the sandstone also removes the uranium minerals, )

Stratigraphic studies of Triassic rocks and associated formations
indicate that the ore deposits in Triassic rocks are mainly in the Monitor
Butte and Moss Back menbers of the Chinle formation, and in the Shinarump
conglomerate.

Ground-water studies made during this period show large variations in
permeability in samples within a formation, The average of permeabilities
of samples from the same formation is slightly but possibly significantly
different from the averages of samples for other formations.

Experimental plant studies have shown that plants are able to absorb
uranium from carnotite concentrates, particularly in the presence of high .
sodium, but vanadium is not absorbed under such conditions, .
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Botanical prospecting in the San Rafael Swell, Utsh, indicates that
three species of Astragalus can be used as selenium indicators,

Study of distribution of elements has showed that copper, lsad,
molybdenum, nickel, cobalt, and selenium are associated with uranium and
vanadium in the bedded deposits, The V2053U308 ratio is about 7 for Mor-
rison ores and sbout 2 for Triassic ores,

Two new minerals, navajolte and rabbitite, have been described and two
additional new minerals have been found but have not yet been described.
Native selenium, a rare occurrence in association with uranium ores, was
identified from the Peanut mine, Jo Dandy area, Montrose County, Colorado.

A self-potential study in the Happy Jack mine, White Canyon, Utah,
showed small ancmalies over mineralized zones having thin overburden, but
ne corralation was demonstrated between the self-potential measurements
and ore zones buried by 200 fest of overburden.

In the Hideout mine, Deer Flat, White Canyon district, San Juan County,
Utsh, resistivity horizontal profiling revealed anomalies indicative of
faults or fractures with trends in agreement with the strikes of fractures
obgerved during geclogic mapping of the area,

An aeromagnetic map of the Uravan area has been completed and compila-
tion is proceeding for the vest of the region, Regional gravity maps of the
Uravan and Inter-River areas have been preparsd, and a gravity survey of the
Monument Valley area has been largely completed., During the next six months
gravity surveys will be made of parts of the White Canyon=Elk Ridge and San
Rafael Swell areas, and reduction of data will continue,

Studies of criginal-state cores show that highly desaturated permeable
sandstones, centaining about 5 percent or less of pore water and having high
electrical resistivity, are associatad with poorly mineralized or barren
rocks; moderately saturated permeable sandstones, containing about 25 percent
of pore water and probably of intermediate resistivity, are found below the
ore in drill hole LP-530, Thus, the degree of water saturation of the pores
of permeable sandstone seems tc bear an important relation to the occurrence
of carnotite ore,

In the Black Hills, South Dakota, the most favorable host rock for

vranium mineralization appears to be the Lakota sandstonej the deposits
oceur generally where the sandstone contains numerous mudstone #splits."

Uranium in wveins, igneous rocks, and related deposits

Rehabilitation of the Carrcll mine in the Central City district,
Colorado, exposed a shoot of pitchblende ore that had been developed by
sarlier operators bub not mined, presumably because of its low gold content,
Further exploration will be undertaken to determine the full extent of the
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shoot. The uranium at the Carroll mine, and at other mines on Nigger Hill,
in the northern part of the Cenbtral City district, is associated with veins
of the lead-zinc type. Paragenetically the pitchblende in the district is
early and was deposited before the base-metals, The pitchblende in the Fall
River area is also early in the mineral sequence., At Stanley Mines, however,
the pitchblende is later than the base-metals. A study of the Tertiary dike
rocks indicates that e characteristic carbonate-epidote alteration may be a
guide to prospecting in areas not known to contain uranium deposits.

Several shipments of pitchblende ore have been made from the Schwartz-
walder mine in the Ralston Buttes area, Jefferson County, Colorado, During
the coming field season special emphasis will be given to areal mapping in
the northern part of the Ralston Buttes quadrangle in the vicinity of the
favorable "Rogers dike" structure.

Studies of the pitchblende deposits in the Golden Gate Canyon area in
Jefferson County, Colorade, indicate that uranium deposition took place al-
most exclusively in hormblende gneiss rather than in other rocks of the pre-
Cambrian complex, This is believed due to the presence of pyrrhotite in the
gneiss, Ore deposition was preceded by the introduction of potash which
converted much of the plagioclase in the wall rocks to orthoclase, Pitch-
blende formed prior to most of the associated sulfides,

Uranium in carbonaceous deposits

Reserves of radiocactive lignite totalling about 30,000,000 tons in
beds 3 to 11 feet thick and having an average uranium content of 0,008 per-
cent have been estimated for the Mendenhall area at Slim Buttes, Harding
County, South Dakota. Considerable reserves of uraniferous lignite have
also been estimated for the Ekalaka lignite field, Carter County, Montana,
and for the Bullion Butte, Sentinal Butte, HT Butte, and Chalky Butte areas
in Slope, Golden Valley, and Billings Counties, North Dakota,

Studies of coal in the Eastern Red Desert, Sweetwater County, Wyoming,
indicate that a close relationship exists between the occurrence of uranium
and other trace elements in the coal and (1) the permeability of the enclosing
strata and (2) the proximity of the coal to an unconformity overlain by once-
extensive gravel deposits of Miocene or Pleistocene age. Spectrographic
analyses show a close relationship of uranium to gemanium, molybdenum,
ytterbium, and yttrium in the coal, and chemical analyses show a similar
relationship to iron. ‘

Investigations at the USGS Coal Geology Laboratory indicate that highly
degraded organic matter is most favorable to uranium emplacement, and that
the purer coal as a rule contains the least uranium and the impure coaly
layers the most.

Drill cuttings of the "Bakken shale" of Lower Missisippian age from
Williams County, North Dakota, contain as much as 0,007 percent U, and
gamma-ray logs of wells that penetrate the formation are being studied to
determine the distribution of radiocactivity.
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Laboratory studies indicate that the wranium in the Chattanooga shale
is dispersed through the organic material but probably is not chemically
combined with it., Studies have been started on oil-impregnated sandstones,
crude oil, and carbonaceous pellets associated with coalified wood in the
San Rafael Swell, Spectrographic analyses show that the carbonaceous pellets
contain ten of tke 15 rare earths and that no sodium is detectable.

Uranium in phosphates

Northwest phosphate

At Sugar Pine Creek, Rich County, Utsh, 15.4 feet of phosphate rock
in the Phosphoria formation was found to contain 30.2 percent P,Op3 9.0
feet of this containg 32.3 percent PZ?S" The results of 118 se%e ium
analyses recently made of Phosphoria formation rocks show that the highest
selenium content (0,0l percent Se) is in highly phosphatic, petroliferous,
and carbonaceous rocks; however, on the average highly phosphatic rocks
contain much less selenium than those very low in phosphate,

Soﬁﬁhéé&‘;ﬁ phosPh,a'l;;

Three phosphate companies have completed drilling contracts with AEC
and one company is still carrying oub a contract. The fouwr contracts cover
the drilling of approximately L27 holes in land to be mined prior to 1965;
of these about 350 holes have now been drilled and sampled,

The gemma-ray unit logged 318 holes for a total of 12,088 feet since
December 1, 1953,

Tonnage and grade computations for the wranium content of the aluminum
phosphate zone in the land-pebble field are nearly completed, Distribution
and grade maps indicate that the thickest, most continuous, and highest
grade material in uwranium content underlies the flanks of the ridges and
the flatwoods adjacent to the ridges.

Regional recomnaissance in the United States

Zircon from hornblende granite from Mine Mountain, near the Phillips
mine area in Pytnam and Westchester Counties, New York, was determined by
the Larsen method to be 620 million years old; an age determination for the
uraninite in the mineralized zone has been requested.

Samples from dump material at the Abe Lincoln mine, Black Rock district,
Yavapai County, Arizona, contain as mmch as 0,46 percent U, Reserve tonnage
and average grade of the uranium-bearing rock in the mine cannot now be de=
termined because most of the mine workings are inaccessible.
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The recent filing of a large number of claims on the Dripping Spring
quartzite in Gila County, Arizona, attests to the increased public interest
in wranium in that formation,

Analytical service and research on methods

During the reporting period 12,726 chemical determinations for uranium,
9,125 other chemical determinations, 181,271 spectrographic determinations,
and 18,962 radiocactivity determination were made in the Washington and Denver
laboratoriss. A total of 16,263 samples were received during the period, and
the backlog of samples was reduced from 21,237 on December 1 to 11,708 on
May 31,

A patent, assigned to AEC, was issued on December 22, 1953, to Morris
Slavin, Mary Fletcher, and Irving May on a transmission fluorimeter developed
in the Washington laboratory for use in fluorimetric determinations of uranium.
Modifications of this instrument are in regular use by USGS and other labora=
tories,

Experimental work was completed on a method of determining aluminum by
the ferron method in samples from the aluminum phosphate zone of the Florida
phosphate deposits., The method determines aluminum within #3 percent of the
aluminum content of the sample, and although it is of general applicability
it is especially useful in analyzing aluminum phosphate zone samples con-
taining O to LO percent Po0p and 0 to 35 percent A1503.

Geochemical and petrological research on basic principles

Analysis of the hydrogen-deuterium ratios of sea-water samples was
attempted, using three samples obtained from widely separated oceanographic
stations in the Atlantic Ocean, with a view toward obtaining hydrographic
data that can be used in tracing water masses and in studying problems in
the evaporation of sea water. As rain water and glacial water are relatively
light in deuterium, local variations due to the introduction of such waters
can be detected and measured. Evaporation, on the other hand, renders sea
water heaver in deuterium. Resulis of the study are being interpreted in
cooperation with scientists of the Woods Hole Oceanographic Institution.

Detailed subsurface information on the Western Panhandle Gas Field,
Texas, indicates that the radon in the gas-producing formation is related
to uraniferous asphaltic material which occurs as pellets and impregnations
in dolomite and anhydrite. The occurrence of helium appears to be influenced
by faulting.
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Mineralogic and petrographic services and research

Complete chemical analyses were made of pure samples of eight uranium
minerals including diderichite, synthetic diderichite, and synthetic liebi-
gite, A study of volgite and uranosphaerite was completed and studies begun
of supposed manganese autunite (fritcheite) and fully hydrated zeunerite,
Development of a method for the simmltaneous determinations of €O, and Hy0
in minerals is in progress.

Geophysical prospecting services and research on methods

An instrument for measuring thermoluminescence, a newly designed scintil-
lation detector for use in cars or light alrcraft, a calibration device for
gamma=ray logging instruments, an alarm attachment for carborne counters,

a portable scintillation logging unit, and a core scamer utilizing a liquid
phosphor have been developed to mest the requirements of special geologic
studies. Airborne radioactivity surveys totalling 2L4,0L0 traverse miles
have been made in seven states; the work included reconnaissance for
sandstone-type uranium deposits, uraniferous phosphate, and thorium-bearing
beach placers,.

Modifications of the gamma-ray logging equipment have been made to
insure stability and response to high intensity radiation. This work in
turn necessitated recalibration of the instruments in order to determine
accurately grade and thickness of radioactive material penetrated by drill
holes. The calibration has been completed and a study of the accuracy of
the technique is in progress.

An investigation of subsurface isorad radicactivity contouring
techniques was made, the results indicating that additional study using
scintillation logging equipment is warranted,
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URANIUM IN SANDSTONE-TYPE DEPOSITS

Colorado Plateau geologic studies

" Regional geologic mapping

Prior to the report period field work was completed for the following
projects: Southwestern Colorado areag Monument Valley area, Ariz.g Red
House Cliffs area, Utah; Carrizo Mountains area, Ariz, and N, Mex.;

\
Capitol Reef area, Utahs and Comb Ridge area, Utah; all quadrangle map-
ping projectss and Monument Valley area, Utah, a strip mapping project
(fige 1),

During the period field and office work was continued on the White
Canyon area, Utah, and Elk Ridge area, Utah, quadrangle mapping projects, ‘
and on the San Rafael Swell avea, Utah, strip mapping project (fig. 1).

Work will begin early this summer for these projectss Lisbon Valley
area;, Utah and Colo.3 Circle Cliffs area, Utah; Abajo Mountains area,

Utah; and Sage Plain area, Utah and Colo., all quadrangle mapping projects;

and Inter-River area, Utah, a strip mapping project (fig. 1).

Carrizo Mountains area, Ariz.=N, Mex,, quadrangle mapping project,

by J. D. Strobell, Jr,

The 30=minute quadrangle surrounding the Carrizo Mountains in the
northeastern corner of Arizona was mepped and studied to provide detailed
information on the geologic occurrence of uranium deposits in the Salt
Wash member of the Morrison formation.

Work in the current report period consisted of compiling the geclogy

on the topographic base maps which became available in January. Analysis
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A channel at the Jomac mine was detected only after the restoration of
the top of the Moenkopi formation to a horizontal position on the structure
contour map; the channel is 200 to LOO feet wide and L feet deep and ap-
parently was filled in part by Chinle-=like siltstone and then scoured out
and filled by sandstone and conglomerate of the Shinarump conglomerate,
The edge of the channel appears to be marked in places by siltstone=pebble
conglomerate which is believed to represent material that slumped from the
upper banks of the stream and was inc@@orated into the stream sediments,
The presence of such conglomerates may prove to be a guide in exploratory
drilling for channels,

Studies of wood-orientatiocn are believed to be important in deter-
mining the trend of channels, and as few as LO observations may be suf-
ficient; the asize of wood fragments seems unimportant in these studies,
Most of the wood fragments at the Jomac mine are oriented parallel to
the channel trend.

Work during this period has consisted of preparation of manuscripts
desc:fibing the mte Canyon area and the Jomac mine, and compilation of
diamond drilling data made available by AEC, Field work on the project
will be completed during the 1954 field season when the upper part of Red
Canyon will be mapped on a scale of 1348,000, In this area the Shinarump
conglomerate will be examined in detail, and the uranium deposits will be

studied.

Capitol Reef area, Utah, gquadrangle mapping project, by Je F. S8mith, Jr,

The Capitol Reef area, Wayne and Garfield Counties, Utah, is along
the border between the High Plateaus and the Canyon Lands of the Colorado
Plateau province, About 850 square miles in this aréa were mapped. Radio-

active rock was found in several formations bubt no uranium deposits in the
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area appear to be significant economically.

At a group of claims along Oak Creek, in the southeast part of the
area, uraniferous rock is chiefly in a basal Shinarump bed of clay and
sandstone containing carbonaceous material, It is along what appears to
be a channel cut in the underlying Moenkopi formation and filled with
Shinarump beds adjacent to a Shinarump pinchout and is exposed in several
places over a distance of about 3,500 feet., The uranium content ranges
from 0,002 percent to 0,094 percent in channel samples, and is as much
as 0,30 percent in selected samples. Specks of metatorbernite (2) were
noted at a few exposures, The uranium sppears to be intimately associated
with carbonaceous material at many localities.

Two 3-foot channel samples from the Billy's Dream claim in the Salt
Wash member cof the Morrison formation in the eastern part of the area
contain 0,031 and 0.097 percent uranium and 0,22 and 0,20 percent V,0g.
The deposit at this claim is in a sandstone and conglomerate lens at the

top of the Salt Wash member,

Elk Ridge area, Utah, gquadrangle mapping project, by R. Q. Lewls, Sr.

Geologic mapping and field studies were started on Elk Ridge, San
Juan County, Utah, in June 1953, During the first field season the
southern part of Elk Ridge was mapped geologically and 150 miles of the
Shinarump=Moenkopi and Chinle=Moenkopi contact was examined,

Uranium ore is present in at least three formations on Elk Ridges
the Moenkopi formation of Lower and Middle (?) Triassic age and the
Shinarump conglomerate and Chinle farmation of Upper Triassic age,

Most of the deposits are in discontinuous elongate sandstone lenses of

Shinarump conglomerate.
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The ore at the Notch No., 5 claim, in a sandstone ledge in the Moenkopi
formation, is petroliferous; the uranium is in the petroleum and is removed
from the sandstone with the petroleum. No identifiable uranium minerals
have been found in the sandstone, Semiquantitative spectroscopic analysis
of the sandstone ore shows an association of *horium and rare earth elements
which has not been noted in samples from the Shinarump conglomerate,

During the coming field season mapping and examination of the ore-
bearing unite will be continued to the north of the area previously
coverad,

Geochemical studies, to be starped this year, and botanical studies,
continued from last season, are expected te give considerable aid in the

evalvation of arsas where the bedrock is covered by talus and soil.

San Rafael Swell area, Ubah, strip mapping project, by R. C. Robeck

Az 3 result of several conferences and of brief supporting field
studies, the main ore-bearing sandstons within the San Rafael Swell is
now cordidared to be the Moss Back member of the Chinle formations the
Shinarump conglomerate is absent in many places in the San Rafael Swell,

Plans for the coming season include further strip mapping of the
ore=bearing and associated strata and detailed study of the stratigraphic
interval from the top of the Moenkopi formation to the top of the Moss

Back sandstone,

Comb Ridge, Utsh, guadrangle mapping project, by J. D, Sears

In the 1953 field season, the USGS completed geologic mapping along
Conb Ridge, San Juan County, Utah, The completed map, a little over two
T3-minute quadrangles along Comb Ridge, includes the outcrop of all Trias-

sic rocks along the east side of the Monument wpwarp north of the San Juan
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River and south of Elk Ridge, Utah. The main function of this project
was to train geologists in mepping techniques. The project was financed
entirely by the Geological Survey.

No unquestionable Shinarump conglomerate occurs in the area, A few
lenses of gray to tan sandstone at the base of the Chinle formation were
thought at first to represent the Shinarump. When Chinle-like material
was found beneath these lenses, they were assigned instead to the Chinle,

Only one of the three main uranium ore-bearing formations of the
Plateau occurs in the area, and no occurrences of uranium have been
reported.

This map was transmitted as TEM=-67l, WPreliminary geologic map of
the Comb Ridge area, San Juan Coiifity, Utah," by J. D. Sears and R, D,
Sample,

o i e «-nw“mﬁ

Western San Juan Mountains, Colc., by AZ T, fBus:h

Work during the reporting period consisted mainly of mep compilae-
tion, library research, and laboratory study. The geologic mapping of
approximately 30 square miles accomplished during the 1953 field season
was compiled. ILaboratory work consisted largely of petrographic study
of thin sections of the barren and mineralized rocks. Field work was
resumed on May 1, 195k,

The area mapped during the 1953 field season, and the area in which
| mapping will be done in the 195] field season are shown in figure 2, Most

of this season's work will be concentrated in the Coventry l SE quadrangle,

aimed at completion of the mapping in this quadrangle this year, Geologic

‘\
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mapping of the high mountainous country in the northern third of vthe
Dolores Peaks SE and Mt. Wilson quadrangles also will be started.

Photogeologic mapping
by We A, Fischer

The photogeologic mapping program is designed to provide regional
geologic maps of specified areas in Utah and Arizona until such time as
more detailed ground surveys can be made. Since the beginning of the
program in the winter of 1951-52 approximately 15,000 square miles of
mapping has been completed or is in the latter stages of production,

In addition to the regular mapping program, the Photogeology
Section has completed a series of detailed studies of the surface ex-
pression of the Shinarump conglomerate, An isopachous map of the
vicinity of Monument No, 2 mine has been completed and stereo-templet
control has been obtained for an area of approximately L,000 square
miles in the vicinity of Zion Canyong photogeologic mapping will begin
in that area about July 1, 195k,

The progress of the photogeologic mapping program is shown on the
index map (fige 3).

Stratigraphic studies
by Go A, Wlliams

Morrison formation

Progress on a report summarizing the results of the stratigraphic
studies of the Morrison has consisted of preparation of rough drafts
of two segments of the report; these deal with the pebble studies and

the lithofacies studies. The lithofacies report was transmitted as
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TEI=-3l1, "Lithofacies of the Salt Wash member of the Morrison formation,®
by T Ee Miullens and V. Le Freemsan, Results of the pebble studies will
be incorporated in the final report on the Morrison.

Analysis of Merrison samples in the sedimentary petrolegy laboratory
was completeds Previous cptical study of 600 sandstons samples suggested
the existence of regional and stratigraphic differences in the feldspar
content of the sands, As a final check on this conclusion, 60 samples of
disaggregated, acid-leached, silt—free sand consisting of 15 samples from
each of the four members of the formation were analyzed by the flame photo=
metric method for sodium, potassium, and calcium, The results were tested

by the statistical analysis-cf-variance technique to determine their de-

pendability, The sodium, potaseium, and calcium contents were then re-

constituted as the feldspars orthoclase, albite, and anorthite., It was

found that the members of the Morrison formation contain significantly

- different amounts of veconstibtuted feldspar, Thus, the expected range

of mean total feldspar content of the various members of the Morrison

(at the 95 percent level of significance) iss

Recapture member 13,4 to 10,6 percent
Westwater Canyon member 1ho5 to 9.5 percent
Salt Wash member Tel o Lo9 percent
Brushy Basin member L9 e 3.1 percent

Caleic plagioclase constitutes probably less than one percent of
the average sandstone of the Morrison formationg sodic feldspars con- .
stitute the major plagioclase minerals in the Morrison sandstones. The
ratio of potash feldspar to scdic feldspar is about 2:1 in the average
sandstone of the Morrison formstion., This ratio does not vary signifie-

cantly over the region but is maintained in a1l four members of the



Morrison, The chance of detecting hypothetical sources of igneous rocks

on this basis is slight.

Triassic and associated formations

Much of the report period was used in compiling data and preparing
an interim report on the stratigraphy of the Triassic and associated forma-
tions in southeastern Utah and adjoining parts of Arizona,

The Permian Cutler formation gradés from a typical arkose facies in
southweztern Colorado to an alternating reddish siltstone and light-
cclored sandstone facies in southeastern Utah.

The reddish siltstones were probably deposited in quiet waters in
slowly sinking marginal continental basins and probably were derived
from a source area in southwestern Colorado., The light-colored sandstones
were probably deposited by winds blowing to the southeast and were probably
derived from a source area to the northwest of southeastern Utah and pos-
sibly to some extent from reworking of the underlying reddish siltstone
units in the Cutler,

The Moenkopi formation is interpreted to be dominantly a tidal flat
deposit containing minor amounts of stream=deposited material. The streams
flowed to the west, probably from a highland in southwestern Colorado. The
Sinbad limestone member iz a marine deposit. The sea in which the Sinbad
limestone was deposited probably transgressed from the northwest and west
across Utah,

The deposition of the Moenkopi formation was followed by a period
of erosion, referred to as the mid-Triassic unconformity. The Shinarump

conglomerate or, in its sbsence, the Chinle formation, was deposited on
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this erosion surface., In a few places both the Moenkopi formation and the
Shinarump conglomerate are absent and the Chinle formation was deposited
directly on Permian rocks,

The Upper Triassic Shinarump conglomerate is a fine- to coarse=grained
sandstone which contains conglomeratic lenses composed dominantly of sili-
ceous pebbles, and is interpreted to have been deposited in streams which
flowed to the northwest and had a source to the southeast, as is indicated
by the resultant dip of the cross-strata.

The Upper Triassic Chinle formation in southeastern Utah and Monument
Valley, Ariz., can be divided into five as yet undescribed members which
will probably be named the Monitor Butte, Moss Back, Petrified Forest,

Owl Rock, and Church Rock members after consideration by the Geologic
Names Committee of the Geological Survey. Differences between the members
generally are small and the members intertongue to a high degree.

The Chinle formation is probasbly a continental deposit formed under
zlluvial plain and lake or lagoonal environments., The Monitor Butte,

Moss Back, and Petrified Forest members contain much volcanic debris,

The direction of dip of the crossestrata in most of the units in the
Chinle indicates a northwest direction of transport and suggests a source
to the southeast of southeastern Utah.

The Glen Canyon group consists of the Upper Triassic Wingate sand-
stone, Upper Triassic (?) Moenave formation (not yet described), Jurassic(?)
Kayenta formation, and Jurassic Navajo sandstone, Preliminary studies
indicate that the sedimentary structures dip in a southeasterly to sowthe
westerly direction, and presumably the source area of Glen Canyon sediments

was northwest of southeastern Utah,



The ore deposits in the Triassic rocks in southeastern Utah are
mostly in the Shinarump conglomerate and the Monitor Butte and Moss
Back members of the Chinle formation. The deposits in the Shinarump
conglomerate, and in the Monitor Butte and Moss Back members, occur in
broad northwest-trending belts near the northern limit of the respective
units, Geologic features in the host rock that appear to be associated
with ore deposits and thus could be used as guides to ore are (1) pinch-
outs, (2) channels, (3) the presence of lenticular sandstone and mud-
stone units, conglomerate, and carbonaceous plant material, and (L) the
presence of 20 percent or more kaolin,

Most of the ore deposits in the Shinarump conglomerate and Chinle
formation are found near the mid-Triassic unconformity regardless of
the unit *that lies near the unconformity. Possibly this relation is
caused by (1) the inability of rising ore-bearing solutions to pass
through the Chinle, (2) the inability of downward migrating ore~bearing
sclutions to pass through the Moenkopi, (3) the presence, in the unit
overlying the Moenkcpi, of chemical substances derived from soils on
top of the Moenkopi that served to localize deposits, or (L) the in-
creased permeability resulting from fractures in channels caused by
the resistance offered by channels to bedding plane slip during folding.,

In the 195} field season stratigraphic studies will be extended
eastward into easternmost Utah and western Colorado and into the Defiance
Uplift area of northeastern Arizona.

Ground-water studies
by Do A, Jobin
Most of the report period was spent in measuring and analyzing the

permeability of samples collected in 1953,




Data obtained in measuring the permeability include (1) the relation-
ship of permeability to texture and composition of the sample, (2) the dif-
ference in permeability values obtained by successive use of nitrogen and
of water as permeating media, and (3) the magnitude of local variation of
permeability within a formation, and the magnitude of local variations
among formations.

Scrutiny of this data shows the following:

1. Permeability is related to texture, and possibly a formmla using
some combination of measures of textures can be derived to calculate
permeability. Work to derive such a formmla is now in progress,

2. Adjusted values of permeability ‘cvb'tained with nitrogen agree
closely with values obtained with water. This indicates that the use of
a nitrogen permeameter to determine permeabilities is acceptable, at
least for rocks of texture and composition similar to those used in the
tests, The use of a nitrogen permeameter will make possible a 5« to 10=
fold increase in the number of measurements made per unit time as com-
pared to the number of measurements made with a water permeameter.

3s The large variations in permeabilities within formations coupled
with the slight differences among formations necessitates more intensive
sampling than that done in the past, Apparently a 3= to 5efold increase
in sampling will be necessary., The sample requirements will be tested
in two selected areas during the next report period,

It is planned to reappraise the ground-water program with respect
to the expected resulis and the large number of samples apparently neces=
sary to obtain these resultis, and a report will be prepared summarizing
the method and application of permeability as derived from measures of

the rock textures,
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Botanical studies

Brief visits were paid to uraniferous deposits near Myton, Uintah
County, Utah; Baggs, Carbon County, Wyo.; and Black Mesa and Defiance
Uplift, Apache County, Ariz, Of these areas, the Black Mesa area appears
most favorable for prospecting by enalysis of absorber plants. At Black
Mesa, carnotite ore occurs in a coarse sandstone near the top of the Mesa-
verde formation of Cretaceous age. The mineralized sandstone forms the
top of the mesa and is covered with a dense stand of pinyon and juniper
trees, The depth to the ore zone is not more than 30 feet, and plant
sampling of anomalous areas delineated by airborne radiation traverse
would be a feasible method of prospecting, ‘\

Ur.anium-abéaring lake beds of the Green River formation of Eocene
age occur at Poison Buttes, a highly seleniferous area west of Baggs,

Wyo. The uranium prospects are associated with Astragalus bisulcatus

in at least part of the area. An indicator plant survey of this areaf
would assist the prospecting,

An experimental garden plot in which desert plants were grown in
different concentrations of several minerals containing basic nutrient
elements has yielded information of direct importance to botanical
prospecting, Chemical analyses for uranium, vanadium, selenium, sulfur,
potassium, calcium, and sodium made on the plants showed that they were |
able to absorb ura.nim; from carnotite concentrates, particularly in the
presence of high sodium, but that vanadium was not absorbed from the

carnotite concentrates, Base exchange studies are in progress to deter= ‘\

mine the relation of vanadium to the clay fraction,
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Botanical research under controlled conditions will be continued
in plot experiments., Research on methods of sampling and analyzing
soils, hums, and plant material by chromographic methods will be started

on Elk Ridge, Utah, during the next report period.

Botanical prospecting, by P. F. Narten.

The compilation of data was continued on the botanical prospecting
projects in the Grants district, Valencia and McKinley Counties, N, Mex.;
the San Rafael Swell area, Emery County, Utah; and the Trachyte Ranch
deposits, Garfield County, Utah,

In the San Rafael Swell area, Emery County, Utah, partial analytical

data indicate that three species of Astragalus (A, dodgeanus, A. osterhouti?,

and A, Breussi) can be used as selenium indicators, Astragalus preussi was
observed only in the northwest part of e Swell and its distribution seems
to reflect the selenium content of the lower Chinle mudstones, Astragalus
dodgeanus is essentially limited to Temple Mountain and adjacent areas,
but occurs in small mumbers in the Green Vein Mesa area on the west-central
side of the San Rafael Swell., Almost all occurrences of the selenium-
indicating Astragalus species away from the Temple Mountain-Shinarump Mesa
areas are associated with mudstones in the Moenkopi formation or the basal
part of the Chinle formation and not with the ore=bearing Moss Back member
of the Chinle formation. Inconclusive results were obtained on the useful-
negs of the absorber plant method in the San Rafael Swell and a limited
sampling program will be carried on during June 1954 to obtain additional.
information.

In 1953, the absorber-plant method was used to prospect more than LO

miles of outcrop of the Shinarump conglomerate in the Deer Flat and Elk



39

Ridge areas in San Juan County, Utah., It is expected that the most
promising of the anomalous areas on Deer Flat will be explored. The
initial sampling on Elk Ridge has served to provide control for addi-
tional sampling during 195k, |

It is planned to map the selenium~-indicator plant, Astragalus
pattersonii, where it occurs on sandstones of the Morrison formation
in the Grants district, McKinley County, N. Mex.

Reconnaissance has shown that both indicator-and absorber-plant
methods may be effective in prospecting for ground faverable for ore
deposits in the Circle Cliffs area, Garfield County, Utah. A botanical
preject will be started in the area during the summer.

A final evaluation of the indicator-plant method in the area drilled g
by the USGS at Yellow Cat, Grand County, Utah, will be completed fol- ‘

lowing a statistical study of plant and drill-=hole data,
Resource appraisal

Ore distribution study, by C.C. Gilbert

Compilation of information about the known uranium deposits and
favorable ground within the Salt Wash member of the Morrison fofmation
in western Colorado was continued. Datawere collected for parts of the
Bull Canyon, Gypsum Valley, and Slick Rock districts. This data will
be on the basis for a progress report aimed at relating distributlon

of uranium deposits to geologic features.

Reconnaissance resource appraisal, by H, 8, Johnson

The reconnaissance resource appraisal has been extended to study

the uranium deposits in all formations on the Colorado Plateau., The
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objectives are to determine the order of magnitude of the uranium re-
sources of each formation in each mining district on the Colorado Platean
and to contribute to an understanding of the origin and controls of ore
deposits, The realization of these objectives will be of assistance in
planning future exploration,

Most of the period was spent in writing reports, reviewing and com=
piling basic data, and making preliminary field investigations in prepara-
tion for work to be done this summer. The following reports were completeds
TEM-287, "Geclogy of the Shirarump No. 1 uranium mine, Seven Mile Canyon
area, Grand County, Utah,® by W, I. Finch, and TEI-328, %Geologic aspect
of the rescurce appraisal of uranium deposits in pre-Morrison formatiocns

of the Colorado Plabteau,® by We I. Finch,
Mineralogic studies

General mineralogic studies, by T. Botinelly and A, D, Weeks

A special preliminary report on mineralogic and chemical character-
istics of the ores in the Jo Dandy area, Montrose Gounty, Colo., was
completed, This work was requested by the AEC to assist in determining
the amenability of the ore to treatment by a specific metallurgical
process. The study of the mineralogy and composition of mill pulps and
drill core splits indicate that certain troublesome elements and minerals
are not present in amounts or combinations above the tolerance of the
metallurgical process,

A study of red and green clays from both productive and nonproduc-
tive areas showed that the gross mineralogy of the two colors of clay

is the same, Kaclinite is accessory to illite in the majority of clays



associated with ore, but is absent from most of those in barren localities.
This preliminary observation suggests that a causal relationship may exist
‘bett;veen the occurrences of kaolinite and of ore.

Descriptions of two new minerals were completed, TEI-393, "Navajoite,
a new vanadium oxide from Arizona," and TEI-LOS5, "Rabbittite, a new uranyl
carbonate from Utah.® These reports will be published in professional
Jjournals., Another new mineral to be named abernathyite was discovered and
the description is nearly completed. An unknown mineral was found in the
Wind River Basin, Wyc., but has not yet been described.

Liebigite, formerly thought to have the formila CagU(C03))"10H0 was
found instead to have the formula CaQ(Uoz)(COB) 3°10-11Hp0. The similarity
between the true formula of liebigite and bayleyite is interesting because
the two minerals seem to form under similar conditions at Pumpkin Buttes,
Wyo.

Native selenium was identified from the Peanut mine, Jo Dandy area,
Montrose County, Colo., It was previously reported from the Edgemont area
of South Dakota (1953).

About 0.6 g of a black corvusite-like mineral from the Monument No, 2
mine, Apache County, Ariz., was purified for chemical analysis. The unit
cell length along the fibers was determined to be 3.65A, The mineral is
possibly of moncclinic symmetry and elongated parallel to the b-axis as
hewettite, sodium=vanadate, and navajoite are known to be.

Metaautunite is the chief uranium mineral in four samples from the
Wind River Basin, Wyo. Three of the samples contain arsenic, in smaller

amount than phosphorus.
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A revised version of TEI=-33l, "Identification and occurrence of
uranium and vanadium minerals con the Colorado Plateau," by A, D. Weeks

and M, E. Thompscn was published as USGS Bull., 1009-B.

Distribution of elements, by W, L. Newman

A study of trace metal content of bedded uranium deposits and of the
barren sandstone host rocks was made to determine which metals were added
to the host rocks during uranium-vanadium mineralization and to provide
gross quantitative measures of the additions. Analyses have been completed
on about 1,000 samples of ores and barren rocks from the Colorado Plateau.

Table 1 shows the average chemical composition of ores and barren |
host rocks from the two chief ore-bearing zones on the Colorado Plateau,
As shown in the table, the following heavy metals are associated with
uranium and vanadium in the bedded deposits: copper, lead, molybdenum,
nickel, and cobalt, Special analyses on selected suites of samples
indicate that selenium is also concentrated in the deposits,

Other analyses show that the VZOS 3U308 ratio averages about seven
for the Morrison ores and about two for the Triassic ores, and that barren
Morrison sandstones (Salt Wash member) contain about 0,000l percent uranium
and about 0,001 percent vanadium, Although the barren sandstone contains
only 0,000l percent uranium it averages about 0,001 percent U,

The geographic and stratigraphic variations in trace metal content
of the barren Salt Wash sandstone indicate that the Salt Wash is homo~
geneous, Comparison of average compositions of the uppermost sandstone
ledge (the chief ore<bearing sandstone), the basal sandstone ledge, and
the intermediate sandstone ledges shows no significant differences,

Geographic "highs" of gzirconium, titanium, chromium, and yttrium suggest
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Table l.--Average chemical composition of ores and barren host rocks
from sandstones and mudstones of the Colorado Plateau

Barren Morrison
sandstone 1/
Average percent

Morrison ore 2/
Average percent

Barren Triassic
sandstone 3/
Average percent

Triassic ore L/
Average percent

Element | (Geometric mean) | (Geometric mean) | (Geometric mean) | (Geometric mean)
Al 1.2 2.3 3.3 2.6
Na 0,09 0.09 0.09 0.09
K <0.10 <.0,10 0.15 0.5l
Ca 3.3 2.1 0.25 0.81
Ba 0.03 0.09 0.05 0.08
S 0.005 0.013 0.006 0.016
Mg 0.23 0.57 0.13 0.20
B <.0,001 0.001 < 0,001 0.001
Fe 0.2l 0.82 1.2 1.5
Mn 0.02 0.03 0.01 0.03
Ti 0.05 0.10 0.18 0.15
Zr 0.01 0,03 0,03 0.02
Cr 0.,0007 0.002 . 0.001 0,002
Cu 0,001 0.01 0.01 0.05
Pb <.0,001 0.007 0,001 0,007
Mo < 0,001 0.001L 0.001- 0.003
Ni < 0,0003 0.,0008 . 0,0008 0.003
Co < 0,0003 0.001 . 0.0005 - 0,002
Y < 0.000L 0.001 0.002 0.002

1/ Averages based on 96 barren sandstone samples.

2/ Averages based on 202 combined mill pulps from 151 mines.
ﬁ/ Averages based on 32 barren sandstone samples.

L/ Averages based on 86 combined mill pulps from 27 mines.

three granitic source areas for Salt Wash detritals:

an area south of

the Four Corners, an area in north-central Utah, and an area in north-

western Colorade in the vicinity of Meeker.

distribution was noted.

No other anomalous geographic

Table 2 shows the average chemical compositions of green mudstones,

red mudstones, and sandstones in the Jo Dandy area, Montrose County, Colo.

¢
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Table 2.--Average chemical compositions of green mudstone,
red mudstone, and sandstone from the ore zone

of the Salt Wash member, Jo Dandy ares,

Montrose County, Colorado

Green mudstone 1/
Average percent

Red mudstone 2/
Average percent

Sandstone 3/
Average percent

Element (Geometric mean) (Geometric mean) (Geometric mean)
Al .0 3.0 0.70
Na 062 0,2 0.05
K 2,0 2,0 0.60
C 0.9k 1.86 1.81
Ba 0,017 0.01L 0,016
Sr 0,010 0,010 0,006
Mg 1.6 1.8 0.Lo
Fe lo).l 195 0030
Mn 0,016 0,026 0,012
T4 0.10 0,10 0.03
Zr 0.009 0,007 0,00k
Cr 0.003 0.003 0.0006
Cu 0,002 0,002 0,0007
Pb 00009 0,001 £.0.,0005
Mo 0.0005 < 0.0005 < 0,0005
Ni 0,001 0,001 0.0002
Co 0.00Ck 0.0006 0,0001
v 0,008 0.006 0,004
Ga 0,0008 0,0006 < 0,0002
Sc 0.00L 0,001 < 0,0005
B 0.00L 0,004 0.0009
Y 0,002 0.002 <. 0,0002

1/ Averages based on 19 drill core samples,
2/ Averages based on 13 drill core samples,
Averages based on L0 drill core samples.

Comparisons of trace metal content from the two

colors of mudstone from the

Bore zone® of the Jo Dandy area disclose no significant differences. Red

mudstone, however, contains twice as much calcium as green mudstone, Mud-

stones of the Salt Wash member at Jo Dandy contain greater amounts of
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aluminum, the alkalies, iron, magnesium, strontium, titanium, chromium,
gallium, scandium, boron, ybttrium, vanadium, nickel, cobalt, copper, and

lead than the ore-zone sandstons containg,
Cenozoic studies

Cenczoic studies have been recessed during this report period except
for the editing and processing of a comprehensive report which swmarizes
what is known concerning the Cenozoic history of the Colorado Plateau.
Although the project has been inactive, contributions to the knowledge
of the details of the Cenozoic history have been made by the regional
mapping projects,

District geophysical studies
by R. A. Black

Field work on the district studies project was recessed in December
1953 with the exception of the electric logging program, which was con-
tinued until Jarmary 195L in the Long Park area, Montrose County, Colos

In compiling the electric log data from the Long Park project, the
following six basic parameters of the ore=bearing sandstone were measured,
and an attempt was made to establish a correlation between each of them
and geologic favorableness of the sandstones

1l. Apparent resistivity
2, Average resistivity
3¢ True resistivity
ho Average spontaneous potential
Se Maximum spontaneous potential
6. Resistivity gradient
The majority of the parameters for specific drill holes showed a

poor correlation with geologic values assigned these same drill holes
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by the project geologist at Long Park., The most promising parameter was
the true resistivity of the lower section of the ore<bearing sandstone,
but even here some values were erratic, Some of the lack of correlation
is undoubtedly due to poor calibration and electrode leakage which were
present during early stages of the 1ogging‘pmgram, but probably an in-
sufficient amount of electric log information has been obtained in the
Morrison to permit detailed favorability correlation. The electric log
information obtained during the coming field season may make it possible
to reach a definite conclusion as to the usefulness of electric logs in
prospecting,

Extensive equipment modification was accomplished during the winter
months, The electric logging unit and the resistivity surface-inhole
unit were installed in van-body Dodge power wagons and a jeep station
wagon was modified to serve as a seismic refraction instrument truck,
New seismic cables and an inhcle velocity cable were procured. The
velocity cable, which contains 12 piezo=electric detectors, will permit
determination of the velocities of a number of subsurface strata with one
surface shot, The information obtained from such inhole velocity surveys
will assist interpretation of surface seismic profiles,

Modification of standard Midwestern reflection seismic equipment
to permit the recording of shallow reflections has been accomplished,
This equipment has been field tested and will be available for testing
and application to prospecting problems on the Colorado Plateau during
this coming field season., A shot hole drill rig and water truck are

aveilzble for use with the reflection unit,
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Field work on the district studies project was resumed in May 195l,
The refraction seismic crew is presently at work on Deer Flat, San Juan
County, Utah, shcoting surface refraction profiles and testing the inhole
veloclty cable., The standard electric logging unit is at Deer Flat ob-
taining electric logs of the holes currently being drilled there by the
USGS,

Plans for the next six months include testing of the shallow reflece
tion selsmic equipment in Monument Valley, Ariz., and in the Deer Flat
area, Utsh; refraction seismic surveys at Holiday Mesa, Utah, and in
other areas in Utah and Arizona; electric logging in a number of Shinarump
and Salt Wash arsasg magnetic ground surveys in more detail of various
seromagnetic anomalies; application of surface-inhole resistivity tech-
niques to Shinarump areas; geothermal measurements at Temple Mountain, f
Utahg and a sampling program to obtain magnetic susceptibility of the
various igneous rocks on the Colorado Plateau,

Regional gecphysical studies
by He R, Joesting and P, E. Byerly

Aeromagnetic surveys

Aeromagnetic surveys made to date on the Colorado Plateau are shown
in fig. Lo During February 1951 an area in Utah bounded by Lat. 38°30'N
and 3%°0 and by Long. 109°W and 111°W was flown., This ares, totalling about,
35200 square miles, includes the Thompsons district and most of the
Green River Desert and San Rafael Swell, Two short traverses were also
flown over Upheaval Dome in the Inter-River area.
An aesromagnetic compilation unit was established at the Grand
Junction 0ffice in April to speed compilation of data and preparation '\

of maps. Supervisory personnel previously trained in Washington are
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training compilers, Compilation of alrborne data obtained Aug.-Nov.
1953 has been started.

Gravimetric surveys

Regional gravity surveys will eventually be made in much of the
region outlined in fig. L. The choice of individual areas for survey
is determined by the availability of 7% minute multiplex maps, which
are being prepared of much of the Colorado Platesu. These maps are
suitable for horizontal location of gravity '.stations , and together with
altimetry, are also suitable for vertical control.

The general procedure established in making regional gravity surveys
in the Plateau is first to establish a base net of gravity stations by
standard looping methods; then to occupy at intervals of one to two
miles all gravity stations that are accessible by car; then to prepare
a preliminary Bouguer gravity mapj and finally to return to the field
and complete the survey by filling in critical gaps indicated by an
analysis of the preliminary map, This procedure saves considerable time
by reducing to a minimum both foot traverses and unnecesséry stations,
and is especially advantageous during the present period of expanding
prospecting and mining operations, when many new access roads are being
established,

The first three phases of the procedure just outlined have beep
completed in the Uravan area, Colorado, and in the Inter-River area,
Utah, Field work was carried out in the Uravan area during the summer
of 1953, and in the Inter-River area during the fall and winter of 1953,
Office compilation, including terrain corrections to all stations, was

carried out subsequently and prelimﬁfnary Bouguer maps prepared, Fill=in
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surveys in these areas, including some foct traverses, will be made
during the summer of 195k, and a revised gravity map will then be pre=-
pared. A preliminary gravity swrvey of the Monument Valley area of
southeastern Utah and northeastern Arizona has been essentially com-
pleted, but most of the data remain to be compiled,

A total of about 1,300 gravity stations, including base-net stations,
have been established to date, These include 630 stations in twenty-one
7% minute quadrangles in the Uravan area, 115 stations in nine quadrangles
in the Inter-River area, and about 480 stations in 20 quadrangles in the
Mornmmant Valley area. All stations are tied to the Coast and Geodetic
Survey pendulum station at Egnar, Colorado.

The maximum horizental errcor in locating gravity stations is about
0ol mile, using the available 1:2L,000 mltiplex maps. The vertical
error in the Uravan area, whers the maps have considerable vertical con-
trol and a 20 foct contour interval, is not over five feet, equivalent
to about 003 mgal, In the Inter-River and Momument Valley areas where
there is less vertical control and the countour interval of the maps is
LO feet, it has been necessary to use bench marks and other previously
surveyed elevations, plus short altimeter traverses, Ten feei, corres-
ponding to 0.6 mgals, is the maximum vertical error allowed for altimeter
elevations. Bench marks and surveyed elevations are of course more
ascurately known,

Standard methods were used in reducing the field data, Latitude
corrections were made according to the International Formula and the
combined mass and elevation correction was 0,062 mgal per foot, based

on an experimentally determined rock density of 2.5 gm per em3,
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Topographic corrections were made according to Hammer's terrain correction
tables, again assuming an average density of 2.5 gm per cm3. The total
error in the reduced gravity values probably does not exceed one=half mgal
in the Uravan area, and one mgal in the Inter-River and Monument Valley

areasS,

Preliminary analysis of geophysical results

Uravan area,--In the Uravan area the following major magnetic features
are recognized: a northwest-striking regional trend between the Uncompahgre
Plateau and Disappointment syncline, with intensity increasing toward the
plateaus; an east-west trend north and south of the La Sal Mountains, with
intensity increasing toward the mountains; moderate anomalies with no dis-
tinctive trend southwest of Disappointment syncline; and a prominent
trough coinciding with Gypsum Valley. These indicate a relatively shallow
basement composed of rocks of contrasting magnetic susceptibility and no
distinetive structural trend southwest of Dissppointment syncline and a
more uvniform and considerably deeper basement northeast to the Uncompahgre
Plateau., A major fault or downwarp appears to occur along Gypsum Valley,
and this may be a structural feature almost comparable in size to the up=
1ift of the Uncompahgre Plateau. In contrast, only a small anomaly occurs
over Paradox Valley; this may be caused by a basementridge but is more
likely associated with compositional contrasts. The increasing intensities
toward the Uncompahgre Plateau are attributed to increasing susceptibilities
of basement rocks rather than to decreasing depths. The La Sal Mountains
high is of course relatéd to the monzonite inbrusives; in fact the form
and trend of the major magnetic feature conforms with the topography of

the Mt, Waas=Mbt, Tomasaki igneous mass. A negative anomaly occurs over
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Mt, Peale, resulting from inverse magnetization., The magnetic data
indicate that the La Sal Mountains intrusive may be considerably larger
than indicated by surface exposures; but it must be emphasized that it
is impossible to distinguish between intrusive and basement rocks from
magnetic evidence alone, One major feature, the Lisbon Valley=Dolores
anticline, is not alined with the magnetic trend indicating that the
basement was not involved in the folding. A prominent local anomaly is
found over the diorite stock in Castle Valley, northwest of the La Sal
Mountains, and several small anomalies east of Klondike Ridge are 1ike;
wise associated with igneous rocks, The igneous rocks of Klondike Ridge
itself are not indicated because no magnetic traverse crossed them.

As already stated, the more prominent gravity anomalies in the
Uravan area are related in most instances to changes in depth, thick-
ness and facies of the Paradox salt formation. Negative anomalies as
large as 30 mgals are found over the salt cores of Paradox, Gypsum, and
Sinbad snticlines., A l-mgal anomaly over the Dolores anticline indicates
a small amount of squeezing and thickening of salt there also. A prominent
gravity saddle in the Dry Creek Basin, between Paradox and Gypsum Valleys,
is likewise attributed to upward movement of salt, Except over the
northwest-trending salt valleys and along the Uncompahgre Front, the
dominant gravity trend is northeast, This trend is normal to the regional
structural trend and to the magnetic trend, and is apparently controlled
by the salt as already described. The northwest trend along the Uncompahgre
Front is obviously related to the wpthrust dense crystalline rocks and is
apparently the single major exception to the general rule that salt is the “\

controlling factor.
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Other features indicated by the gravity data are (1) decreasing salt
northwest along the Dolores anticline toward Horse Range Mesa, and north-
west and southeast from the gravity saddle in Dry Creek Basin, and (2) in-
creasing salt southeast along Dolores anticline, and northwest and south-
east from a broad gravity high at Club Mesa. Excepting the salt anticlines;
the lowest gravity values are found near Nucla, indicating either a maximum
thickness of salt or shallow depth to the uppermost salt close to the Un-
compahgre Plateau., Based on high gravity values found elsewhere on the
Uncompahgre Plateau, an extremely steep gravity gradient must exist between
this salt basin and the Uncompahgre, indicative of an abrupt transition
from salt t- denser material due perhaps tc both facies changing and
faulting,.

The gravity high at Club Mesa coincides in part with a magnetic high,
It may be related in part to a basement high, bubt is probably caused in
part by facies changes or withdrawal of salt. A broad gravity and magnetic
low may alzso indicate a2 basement low or density contrasts within the base-

ment e

Inter-River area.=-A prominent gravimetric feature of the Inter-

River area is a broad low bounded on the south by the Cane Creek anti-
cline and on the northeast by the Courthouse syncline., This feature is
believed to coincide with the area of maximum thickness of salt in the
underlying Paradox formationg in fact the lowest gravity values were

found over the Moab salt anticline, A minor thickening of salt is also
indicated along the Cane Creek anticline in the central part of the Inter—
River area, The gravity low may also indicate a deeper basin of deposi=

tion, but no information on this is available at present.
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Also of interest are several local gravity highs in the south
part of the area including one over Upheaval Dome, and a similar high one
mile northeast of Courthouse syncline in the northeast part of the area,
A magnetic high was also found over Upheaval Dome;, which is a structural
dome, apparently underlain at shallow depth by a plug=like igneous intru-
aion, The other highs may also be related to igneous intrusions, but -
magnetic information and additional gravimetric information are required.

A gradient totalling over L0 mgals in 12 miles between the Upheaval
Dome high and the low ncrth of Cain Creek anticline is probably attributable
in part to increasing depth to crystalline rocks north from Upheaval Dome

as well as to incrsasing thickness of salte.

' S
Plans ‘

Aeromagnetic surveys of the remainder of the region included in this
project will be flown 3in the fall of 195L in the Henry Mountains-Hanksville
area,

Preliminary regional gravity surveys will be completed in the Monument
Valley arez during June 195L. dJuly and most of August will be devoted to
£ill=in surveys in the Uravan and Inter-River areas as indicated by the
preliminary gravity mapss and September and October will be spent on a
preliminary survey of the White Canyon=Elk Ridge areas, where preliminary
miltiplex maps are available., Subsequently, regional surveys will be
started in the San Rafael Swell azea and will continmue as far into the
winter as conditions permit,

Reduction of gravity data from Momument Valley will continue at a
modest rate through the summer, with the aim of completing a preliminary .\
Bouguer gravity map by early winter, If road and weather conditions permit,

fill=in surveys will then be made in Monument Valley,
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Original-state core studies
by G. E. Manger

Analyses, not yet completed, were made of the physical and chemical
properties of cores of the blue-black low-oxidation uranium ore and adja-
cent country rock from 2 bore holes in the Bitter Creek area of the Uravan
district, Colorado. Coring was done with oil-base mud and air as the
drilling fluids, |

Tests on the elastic constants of cores from the carnotite terrane
of Long Park, Uravan district, Colorado, were continued., In order to
investigate the péssible relationships of ground-water movement to the
occurrence of carnotite, tests on "ore-bearing® sandstone from Long Park
are in progress to sjlnulé.te ground-water flow under low gravity gradients
under varying degrees of permeability and water saturation. Further
chemical and spectrographic tests were made on interstitial or pore water
of cores from the carnotite terrane of Long Park, Additional tests were
made of the capillary or so=called "irreducible minimum® pore water cone
tent by the water-displaced-by-alr method at 100 pounds per.square inch
displacing pressure., The relationship of pore water saturation to the
occurrence of carnotite ore and poorly mineralized or barren ground was
further investigated. The results are presented in tables 3, L, and 5,
and figures 5, 6, 7, and 8,

In the original-state core project in the Long Park area, Uravan
district, Colorado, further studies have confirmed the previously re--
ported direct relationship of radicactivity with poorer sorting of
grains, smaller grain size, lesser permeability and greater pore=water

content in the range from roughly .002 to more than .68 percent 8U3089
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The highly (water) desaturated permeable sandstones, the usual
excess of capillary water (water remaining in pores after saturation
and ensuing desaturation by air under pressure) over water originally
in the pores, the high concentration of scluble solids assigned to the
original pore water, and the low concentration of soluble solids in
water flowing from springs indicate that soluble salts have been pre-
cipitated by evaporation from ground water entering the "ore-bearing®
sandstone mainly by cspillary attraction, but possibly also by some
siow gravity flow, particularly in and below the ore gone in drill
hole LP-530, (fig, 6)..

Further analyses of pore water when compared with analyses of
grourd wabtsr confirm, in both waters, a high concentration of bicarbonate
and notably lower concentration of sulfate and chloride, and also show
that pore water corbains relatively more potassium, relatively less mag-
nesium, and some carbonate, and is higher in pH.

The permesble sandstone immediately above the carnotite ore zone in
drill hols IP=530 and above the correlated position of this zone in the
poorly mineralized dxill hole IP=531 is greatly desaturated, This desatu-
rated condition persists in permeable sandstone immediately below the cor-
related position of the ore zone in drill hole LP-531, but in drill hole
LP=530 pore water saturation in permeable sandstone below the ore is
appreciable, on the order of 25 percent,

"Normal® electrode configuraticn with 8-inch, 16-inch and 2L-inch
spacing seems capable of distinguishing adequately the high resistivity
of ths low=saturated permeable sandstone in essentially barren ground
from the lower resistivity of the moderately saturated permeable sand-

stone below the ore in ore ground, However, in mineralized ground below
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Table 3.--Core properties near correlated ore-zone level showing weak radioactivity,

Drill hole LP 531

$2479

Water content, percent Porosity,
Sample interval~ of pore space percent Permeability, Radioactivity,é/
Depth from surface, No., of Originally Capil%gyy of bulk dry air, counts per minute
feet samples in core tes volume millidarcies above background,
(b = backgroungd)
Cored with air: Entire section
195.20-203.82 10 18,9-87.5 6.80=1l.6 0=,02 Not determined
203,82-20L.72 (top) 1 62,3 16.7 0 b13 4 35
203,82-20l,72 (middle) 1 57.1 17.6 0 358 ¢ 39
203.82-20L.72 (bottom) 1 33% g 33
(Gamma-ray bore-hole log shows .0l percent eU30qg in the interval from 202,7 to 20,1 feet.)

20l 72=205 .19
205,49-212,91
212,91-213.61
213,61-211.3l
21}, 3L=216,00

216,00-216.95
216.95-222.6)
222,611-231.15
231,15-231.90
231,90~23L.97

234.,97-235.81
235,81-237.37

INY SIS

"
N O

26.3
oz‘loh
8,8
18.0L
1.h-.7

.3
2,0-9.1
26,3-87.2
k.7
2101‘39o5

. 10.0
1202-1h03

21,7

96,8

8349

21,0
10,3=20.5
3.13
1,99
12,8-15.6

15,0
2-7h-13‘5
1.36-1307

12,2
6426-19,3

9.87
9.28-12.6

(Gamma~-ray bore-hole log shows .OL3 percent ergg in the interval

probably equivalent of ore zone in drill hole

237.37-239.08
239.70-240.19
240.19-240,86
240,86<-246.77
247.60~218,18

248.1,8-250,8)
250,801~251,78
251078'257079
258,71-267.51
269,00-269 .47

269.h7-270.05
270,05=272,57
272.57-27L.78
27..,78-275.28
275028-276,00

276.00~276.80
276.80~277 70
277470=278470
278,70-289,91
289,91~290,91
290,91-291.49

HH HHERWwwH HoulFEw FoFFPD

[
o

1,9<2.0
22,1
13.6
8=2,0
10.4

1.9=6.8

1.9
1-9-h.5
10:6=L3,2
10.6

20,1
14,6-20.1
ln9-h~8
10,k

530.)

22.8

21.6

13.9

L7.5

35.9

2.6
66.6

18,6~20.0
16.5
19.9
18,0~26.1
16,7

16,7-18.1
16.Y
13.8«17.6
llol'Bhoz
20.1

18.3
1309'2301
12.2-1L.2

1L.9

12,7

18.9
16.6
1.39
15,6-22,3
17.4
17.2

0
95.7=7L7
0

253
1Lo-136

139
0-135
0-.10

a2

01,018

. 05
«05-.11

113-143
215

212
110-761
5.8

92,7=176
212
75.3=778
0-.18
282

318
1015‘316
»02-103
29,8
73.5

116
267

58,9
5646=L13
7h.2
14,5

Not determined
n n

from 236.1 to 237,2 fect;

%/ Core recovery, using air as the circulating medium for the entire section was 93.k percent,
_/ Refers to water-displaced~by-air value at 100 psi gauge displacing pressure, and with 3 percent

sodium chloride solution as the saturating medium .

é/ Counts above instrumental background within the limits of standard deviation,






was 99,5 percent, and 100 percent through the ore zone,

solution as the saturating medium,
A measure of the spread of grain size distribution; the greater the deviation, the poorer the sorting.
Counts above instrumental background within the limits of standard deviation,

e @
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Table L.--Core properties near ore zone, drill hole LP-530
52079
L Grain size _ Radiocactivity,¥
Sample in'berva.'l.-/ Water content, percent Porosity, Permeability, " Phig/ counts per minute
Depth from surface, No. of of pore space percent dry air Median standard ahove background
feet samples Originally Capﬂiléyy of bulk millidarcies mm deviation, b = background
in core tes volume (sorting
factor)
Cored with air: 200:00 to 233 feet
227.90~228,90 1 9.8 22.0 15.1 15.0 ~06L 2.37h b
228,90=233.00 3 9.9-28,5 1h.h-22,8 «03=2.17 «04,8-,098 1.851-2,043 b
Cored with oil-base-mud: 233.00 to 312.73 feet
233.00-233.96 1 33.9 18,5 02 .059 . 2.300 b
233.96-238,60 k 3.3-32,1 22.1-27,8 122891 .107-,156  1.,165-1.817 b
238.60-239.51 1 3.7 16,7 534 184 1.272 L6 4 28
239,51-2)2,02 3 7.9=22.L h.92-5.2  ,03-,55 0136-,168  1.17h-1.702 b
2)i2,02-2}47.20 6 32,0-5.1 13.4-20.  .01~.28 «003-.0L9  2.572-3.067 5% 1 29-
118 ¥ 30
- 217.20-218.18 2 I 153 3.0 o9l 1.25) 52 § 28
(Gamma-ray bore-hole log shows .008 percent eU0g in the interval from 243 to 250 feet.)
21,9,16-250,16 1 S.1 20.8 30.9 .090 1.116 b
250,16-252,0k 2 9.7=22.6 11,3-11,7 «074.07 .086-.06L  1.573-2.266 22 t 28-
29
252,01=253.00 1 3.3 15,1 22.0 270 A1k 1.185 %
253000-255.62 3 30’4—3.9 8066-1500 1.116-1307 0118-0152 0969-10035 b
255 ,62-262,0l 6 1.7=b.5 15.6-21,0  132-326 .136~.15) +850~1.393 b
262,04~263.00 1 9.b 19.1 2.1 .086 1.475 112 ¢ 30
(Gamma-ray bore-hole log shows .OL percent eU30g in the interval from 261.5 to 262.5 feet.)
263,00-266,1,8 L 5.8-12,) 20,6-23,5 117-1070 +126-,226 «931-1,455 b
266, 18~267,12 1 32,9 16.7 21.9 .178 2,568 b
267.42-268,37 1 o3 11.3 23.6 1370 194 1,072 b
268,37-269,.30 1 L6 § 29
269.30=272,15 3 1.9-3.1 19,4=20.s  1L2-359 «120-,162 +890~1,108 b
272.15=273.00 1 L.2 13.1 20.6 1050 «20L .958 b
273.00=275.88 3 16.9-19.L 17.8-21,  347-6hL3 .206-,245  1.019-l.Lh2 b
274.93-275.88 1 109 ¢ 28
bottom
275.88-276.73
top 1 107 ¢ 31
275.88-276,73
middle 1 la.o 20,2 189 .255 1.500 382 4 3L
275.88-276,73
bottom 1 Ls.L 2.8 18,3 27.2 262 1.539 590 4 36 °
276.73-277.66
top 1 3kl 28.5 15.5 30.4 +200 1.2L9 1,928 ¢ 52
276073‘277066
276073"277'66
bottom 1 86,6 71.3 21.9 Ll.S .08Y 1.923 17,1a8 t 132
277.66=278 116
top 1 37.L 32.7 20.8 660 «253 1,482 530 4 25
277.66-278 116 :
middle 1 23.9 19k 17k .196 1.068 Lok ¢ 36
277.66-278,L46
bottom 1 2L.6 16.1 265 $227 1.007 63 ¢ 29
(Gamma-ray bore-hole log shows .68 percent eU40g in the interval from 236.7 to 277.7 feet.)
278.16-282,90 3 16.4-22,1 16.8-18,4  260-1070 +230=4277  1.020-1.282  Not determined
283.00-283,98 1 h6.2 19.k 36.7 Jh6 2,02 n "
(Gamma-ray bore-hole log shows .00l percent eU308 in the interval from 281 to 28l feet.)
283,98-285,87 2 26,3-29,2 21,8-22,0  Lol-5l2 .152-,163  1,083-1,097 n u
285,87-286,79 1 2h.1 111 23,1 796 152 973 " "
286.79-287+T71 1 25.9 22,3 Lé1 2139 1,006 " n
287.71~288,66 1 Li2.7 248 19.5 27.3 .118 1.140 " u
288.66~298.22 10 17.9-28,7 19.7-23.1 354679 .157-.196 »986-1,172 n n
298,22-299,15 1 19.2 10.3 20,9 925 199 973 " "
299,15=307 .66 8 22,0-3l.7 19.0=22,7 362-952 .156-,200 «980-1,190 n n
307.66-308,50 1 7L.2 20,6 21.h 50.9 .138 1,283 n "
308,50-312,73 5 25.5~38.h 6.,19-21,7 2.61-=762 »161-,227 +951-1,1142 " u

Core recovery using air as the circulating medium was 94,5 percent. Using oil=base mud the overall recovery

Refers to water-displaced-by-air value at 100 psi gauge displacing pressure, and with 3 percent sodium chloride

swen
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ore grade, where the pore-water saturation in permesble sandstone may be
expected to be intermediate betwsen that in ore ground and barren gremld;
better resocluticn of the resistivity may be necessary than is possible
with the electrode configurations now employsd, particularly if the
permeable intervals are thin, For example a configuration giving a
laterally focused current may measure resistiviity with sufficient reso-

lution to cbtain an indicaticn of the direction to follow to r=ach ore

ground.e
Table 5.~=Comparison of spring and pore water
Sample Mioro = eguivalents pH
B X Ca Mg~ HCO3  CO3 50}, T

1485 L / o739 L082  2,00L  2,71h Le0l3 = 1,602 o505 7.7
L686 & 36999 0222  2.L95 5,509 6,962 - L3700 o926 7.9
Le87 %—/ 826 G151 Le291 3,536 6,650 - 895  .95L 7.7
1688 & 869 o156 2.94L 3,536  5.193 - 0999 1,038 7.7
B5(middle)/1o30k  JOUE  Lo29L  .905  5.569 666 1.041 o281 8.7

e

Wlong Park, Long Park No, 10 mine, ore chute, ore=bearing sandstone."

¥Long Park area, spring, base of ore=bearing sandstone®, (Phoenix, TEI-161).

SN

"Long Park, Henry Clay mine, underground spring, mineralized sandstone.®
{Phoenix, TEI-161).

"Long Park, Henry Clay mine sump, mineralized sandstone.® (Phoenix, TEI-161).

S

Water extract at 100°C from ~ore of carnotite ore from drill hole IP-530
Long Park, Core sample showed 10, 097 # 10h counts per minute above in-
strumental backgreund, and 28,900 parts per million scluble solids assigned
to pore waber,
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Powder River Basin, Wyoming
by We No Sharp, E. D, Mchay, and Paul Soister

Thé reporting period was spent in compilation and correlation of
data resulting from studies of the preceding summer's field work. Analysis
of this work confirms tentative conclusions made in previous reports that
(1) uranium deposits are associated with scour-and-fill or channel-fill
sandstone beds, (2) a high carbonate content of the rocks is intimately
associated with uranium or is the material replaced by uranium during
mineralization, and (3) a broad northward-plunging anticline occurs in
the area where some but not all uranium deposits are found. (See fig. 9,.)
Work on the paragenesis of uranium and associated minerals is recessed
until suitable mine development is done behind weathered outcrops.

Geologic investigations planned fo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>